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Abstract The inverse relationship between socioeconomic and health status has been well
established in the literature. Disparities in health status due to socioeconomic conditions
are unfair and can be prevented through appropriate health and social policies. The relation
between socioeconomic factors and health outcomes can be proven at both the individual
and geographic level. In this study, we follow the second stream of literature. The objective
of the study is to measure how deprivation changes over time in an urban context, finding
out whether socioeconomic inequalities association with health outcomes endure over
time. To do so, a census-based deprivation index (GDI—Genoa Deprivation Index) have
been developed using three aggregation methods—additive, Mazziotta–Pareto, and Pena
distance. The innovation of the work is the attempt to evaluate deprivation over time,
trying to formalize a methodological path replicable in other situation. Health status has
been assessed using the standardized (premature) mortality ratios. The findings reveal that
although deprivation inequalities continue to exist in Genoa, global levels have been
decreasing. In addition, the rate of premature mortality has shown improvements. Despite
this, GDI scores continue to be associated with premature deaths: individuals living in
deprived areas report consistently high standardised mortality ratios.
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1 Introduction
Several studies have addressed the inverse relationship between socioeconomic status and
the incidence of most diseases. In many European countries, higher morbidity and mor-
tality rates have been reported among lower socioeconomic groups (Andersen et al. 2014;
Boarini and Mira d’Ercole 2006; Bond Huie et al. 2003; Boyle et al. 1999; Deaton and
Lubotsky 2003; Mackenbach et al. 2003; Regidor et al. 2005; Strand et al. 2010; Stringhini
et al. 2010). Health inequalities can be attributed to the differing circumstances in which
people grow, live, work, and age. Therefore, from an economic and policy viewpoint,
health status depends on not only resources devoted to healthcare but also those assigned to
lifestyle and education and general socioeconomic conditions. Health status differences
arising from socioeconomic conditions are considered unfair and can be avoided by
employing active social policies (Adler and Newman 2002; Mackenbach et al. 2003;
Mackenbach 2010, 2012; Testi and Ivaldi 2009). The relationship between socioeconomic
factors and health outcomes has been proven at both the individual (Andersen et al. 2014;
Jackson et al. 2014; Van Doorslaer 1997) and the geographic level (Hoffmann et al. 2014;
Jarman 1983; Mackenbach et al. 2008) level.
This study adopts the second approach in which deprivation indexes are generally
implemented as an instrument to assess socioeconomic inequalities. Townsend (1987)
defines deprivation as ‘a state of observable and demonstrable disadvantage relative to the
local community or the wider society or nation to which an individual, family or group
belongs’, thus indicating a phenomenon wider than poverty. In fact, in addition to
resources owned, for example, income or its proxies, deprivation refers to an individual’s
capability to fully participate in society (Sen 1987).
A variety of indexes have been implemented to identify deprivation (Allik et al. 2016;
Atkinson et al. 2014; Bell and Hayes 2012; Caranci et al. 2010; Cadum et al. 1999; Havard
et al. 2008; Lalloue´ et al. 2013; Noble et al. 2010; Panczak et al. 2012; Petrelli et al. 2006).
They comprise a set of variables, each representing a dimension of deprivation, combined
into a single index score. The most used input variables to build a deprivation index are for
example unemployment (Haynes et al. 1996), no car access, lack of home ownership, low
social class, and household overcrowding (Senior 2002). Deprivation indexes are quite
simple, inexpensive instruments adopted to measure the socioeconomic conditions of
residence areas because they include census indicators, which are easily available and
combined using various statistical procedures. Deprivation indexes were developed in the
United Kingdom (Carstairs and Morris 1991; Forrest and Gordon 1993; Townsend 1987) to
measure general practitioner workload, capitation, and health inequalities. Today, the
indexes are applied in numerous other countries to, for example, measure the correlation
between deprivation and mortality (Benach and Yasui 1999; Bond Huie et al. 2003;
Hoffmann et al. 2014; Lalloue´ et al. 2013; Santana et al. 2015; Stringhini et al. 2010) or
incidence of specific diseases (Andersen et al. 2014; Jackson et al. 2014; Petrelli et al.
2006; Smits et al. 2002; Spadea et al. 2010; Su et al. 2016). In addition, deprivation indexes
have been used to demonstrate the relationship between lifestyle and socioeconomic status
(Burrows et al. 2010; Gotsens et al. 2013; Kelleher et al. 2002).
Studies have shown that areas with lower deprivation levels report a better health
status, such as greater improvements in infant mortality and cancer survival (Basta
et al. 2014; Norman et al. 2008), and those at a persistent disadvantage show the worst
self-reported health and mortality outcomes (Boyle et al. 2009; Exeter et al. 2011;
Norman 2010). Thus, it is useful to determine whether deprivation levels have changed
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in geographic areas over time and assess if changes in deprivation level impact health.
A study closely related to ours is that of Ivaldi and Testi (2011), who proposed the
Genoa Deprivation Index (GDI) to measure material deprivation in an urban context
using data from the 1991 and 2001 Italian censuses. Their results revealed the presence
of socioeconomic inequalities in the Genoa city wards, which were correlated to health
inequalities in mortality (Ivaldi and Testi 2011). Similarly, this study aims to measure
how deprivation in an urban context has changed over time and determine if socioe-
conomic inequalities continue to be associated over time with health outcomes in the
city of Genoa. To do so, we propose a method to evaluate deprivation changes during
1991–2011. The introduced methodological path can be replicated in other situations
and is the main novelty of our analysis.
The remainder of this study is structured as follows. Section 2 presents the method-
ological path adopted in this study. More specifically, it first introduces the approaches
used to measure deprivation levels and health outcomes, followed by a framework setup to
compare deprivation over time. Section 3 provides the results and Sect. 4 discusses them in
line with the extant literature and the practical application of our approach. Section 5
concludes.
2 Materials and Methods
Before attempting to understand the relationship between health outcomes and socioeco-
nomic conditions in urban areas and analyse changes in over time, it is necessary to address
the various methodological challenges. The steps are the following: measurement of
deprivation, assessment of health status, comparison of the relationship between the two
domains, and finally, estimations of changes over time.
2.1 Small area Deprivation Index
This study references research that adopts small area deprivation indexes, beginning with
the seminal work by Jarman (1983). The deprivation indexes are defined in the context of
small, well-specified geographical areas, where ‘the proportion of households…with a
combination of circumstances indicating low living standards, or a high need for services,
or both’ is measured (Bartley and Blane 1994). Therefore, it is necessary to define (1) the
input variables that can be used to measure deprivation, (2) the geographical scale, and (3)
the methods to combine the variables into an index.
First, the input variables used to measure deprivation are house ownership, unem-
ployment rate, low education level, and household overcrowding (Table 1), which are
Table 1 Deprivation indicators in GDI (Italian census data 1991, 2001, and 2011)
Indicator Definition
House ownership % of households living in rented houses
Unemployment rate % of unemployed people compared to total workforce
Low education level % of people with a degree lower or equal to middle school diploma
Household overcrowding Average number of occupants per room
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included in the GDI (Ivaldi and Testi 2011). These variables describe socioeconomic status
at various levels and can be considered direct variables to create, what Townsend (1987)
calls, a ‘material’ indicator of deprivation. Unemployment denotes a state of economic
insecurity and lack of resources; house ownership is a proxy for wealth and reduced
housing quality with possible negative effects on physical and mental well-being; and low
education level is used for its potential capacity to provide information on current income.
However, GDI differs from the Towsend index because it includes education level rather
than car ownership as an indicator. The list of included variable in GDI is motivated by the
results of factorial analyses, performed on all census variables utilised in the most common
deprivation indexes proposed by the literature (Ivaldi and Testi 2011). In this work the
indicators are computed using data from Italian censuses conducted in 1991, 2001, and
2011 (Appendix 1).
Second, the choice of geographical scale is important; because the use of measures
based on geographic areas rather than individual conditions causes the implicit
assumption of equality among people living in the same area. Therefore, it is important
to interpret results while considering the risk of ecological fallacy [‘not all deprived
individuals live in deprived wards, just as not everybody in a ward ranked as deprived
are deprived themselves’ (Townsend et al. 1988)]. Although a relevant issue, it is
difficult to obtain individual deprivation measures and both individual- and area-level
deprivation are important determinants of health status (Hagedoorn et al. 2016; Spadea
et al. 2010). Thus, small area indexes should identify ‘environmental’ components
underlying social differences as a proxy for unknown individual characteristics. The
validity of an environmental effect is generally assumed for territories defined as ‘small
areas’. However, this definition is not entirely unambiguous. In the United Kingdom,
deprivation is commonly calculated using electoral wards (e.g. ‘pseudo-postcode sector’
in Scotland) that comprise about 2000 households, although proposals have been made
to include districts (the smallest geographical unit in the census) which consist of about
200 households (Carstairs and Morris 1991; Davey Smith et al. 2001; Jarman 1983;
Townsend 1987). At first glance, the ‘census section’ (about 250 individuals) could
denote a small area in Italy. However, the definitions of boundaries and total number of
sections vary by census, causing a lack of comparability across years. Instead, this
study focuses on 71 urban units (UUs) that reflect Genoa’s historical origin, when
many autonomous towns existed around the ancient city. UUs served as municipalities
before Grande Genova was formed by law in 1926. The census sections were linked to
UUs using a conversion table provided by the Genoa municipality. UUs have an
average population of about 8000 individuals and presently, represent the smallest area
with the ability to satisfy the need for population homogeneity and data availability.
UUs have historically fixed boundaries and a population suitable to be identified as a
small area, thus allowing for comparisons across years.
Third, deprivation indexes as a composite indicator can be developed using different
standardisation methods for input variable values, alternative aggregation methods, and
alternative weighting approaches (Saisana et al. 2005). However, the use of diverse
methods could lead to varying results and uncertain conclusions.
While in the previous work (Ivaldi and Testi 2011) the GDI was obtained only by using
an additive method, that is summing the z scores of the input variables, the novelty of this
paper is to test whether three different aggregation methods lead to different ranking of
small areas (or 71 UUs of Genoa) or the ranking is stable with different methods.
A Spearman correlation test was used to verify the stability of the methods’ ranking. We
introduce the three methods used below.
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123
Author's personal copy
(a) Additive aggregation method The additive index consists of the sum of the four
unweighted z scores. The first specification of the GDI deprivation index (GDIi
Additive) is
calculated as
GDIAdditivei ¼
P4
j¼1 zi;j
4
; ð1Þ
where
zi;j ¼
xi;jlj
 
rj
where zi;j is the standardised value of each jth indicator of each ith UU, xi;j is the original
value of each jth variable of each ith UU, lj is the mean of each jth indicator, and rj is the
standard deviation of each jth indicator.
The input variables were standardized because they are quantified in different units of
measure. This avoids that some of them have more relevance with respect to the others
(Jarman 1983; Townsend 1987; Townsend et al. 1988; Carstairs and Morris 1991; Forrest
and Gordon 1993; Bartley and Blane 1994; Testi and Ivaldi 2009; Ivaldi and Testi 2011).
Indeed standardization converts all indicators to a common scale. Therefore, for each
observation we have calculated the z scores for each of the variables under consideration,
obtained by subtracting at each observation the value of the average of the UUs and
dividing the result by the standard deviation of the UUs. The z score of a variable,
represents the number of standard deviations from its mean (Salzman 2003; Nardo et al.
2005).
(b) The second aggregation method follows the proposal of Mazziotta Pareto, that
following the suggestion of Munda and Nardo (2005) which affirm that ‘‘if one wants the
weights to be interpreted as ‘‘importance coefficients’’ (or equivalently symmetrical
importance of variables) non-compensatory aggregation procedures must be used’’.
The MPI is based on the assumption of ‘non-substitutability’ of dimensions, to
which equal importance is attributed and no compensation is allowed between the
dimensions. Therefore, The Mazziotta–Pareto approach (2007, 2012) is non-compen-
satory. In the past decade, the MPI has been adopted in Italy to discuss Millennium
Development Goals (MDG) (De Muro et al. 2007), verify social inequality in regions
(Mazziotta et al. 2010a), measure health infrastructure endowments (Mazziotta and
Pareto 2011), assess the quality of life in provinces (Mazziotta and Pareto 2012), and
measure political turnout to the polls (Ivaldi et al. 2017). We, therefore, aggregated the
four indicators using the MPI method. Hereinafter, GDI calculated using the MPI
method is referred to as ‘GDIi
Mazziotta−Pareto’.
To construct the MPI, we first normalise individual indicators by ‘standardisation’ and
then, aggregate the standardised indicators using an arithmetic algorithm with a penalty
function based on ‘horizontal variability’, that is, the variability in standardised values for
each unit. This variability, measured by the coefficient of variation, ensures that the UUs
score with a higher imbalance between indicator values is penalised. Finally, the use of
standardised deviation to calculate the synthetic index provides a measure which is robust
and not highly sensitive to the removal of a single elementary indicator (Mazziotta et al.
2010b). The normalisation process is conducted as follows:
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zi;j ¼ 100þ
xi;jlj
 
rj
10; ð2Þ
where zi;j is the standardised value of each jth indicator of each ith UU, xi;j is the original
value of each jth variable for each ith UU, lj is the mean of each jth indicator, and rj is the
standard deviation of each jth indicator.
For each UU, we calculated the average z scores sum, relative standard deviation, and
consequent coefficient of variation
lzi ¼
P4
j¼1 zi;j
4
; rzi ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃP4
j¼1ðzi;j  lziÞ
4
s
; CVzi ¼
rzi
lzi
:
Then, the index is calculated as
GDIMazziottaParetoi ¼ lzi  rzi cvzi
where GDIMazziottaParetoi is the index value for each ith UU.
This approach is characterised by the use of the function (rzi cvzi to penalise units
with imbalanced values for the partial composite indices. The penalty is based on the
coefficient of variation and is zero if all values are equal. The objective is to favour
areas whose means are equal and that demonstrate greater balance among the different
deprivation dimensions (Mazziotta and Pareto 2012). We, therefore, aggregated the
indicators of each dimension and summed the partial composite indices as per the MPI
method.
(c) Pena method (also known as the P2 distance or DP2 method): The method was
proposed by Pen˜a (1977). The application of DP2 has been increasing (Nayak and Mishra
2012), particularly since Somarriba and Pena (2009) conducted their study using DP2 and
criticised both principal component analyses and data envelopment analyses. On the other
hand some refinement to the method have been suggested (Montero et al. 2010). The DP2
method is an iterative procedure that weighs partial indicators depending on their corre-
lation with the global index. This construction solves a large number of problems, for
instance, aggregating variables expressed in different units of measurement, arbitrary
weights, missing values, and duplicate information (Montero et al. 2010; Pen˜a 1977;
Somarriba and Pena 2009). Nevertheless, it has several desirable properties: non-nega-
tivity, commutativity, triangular inequality, existence, determination, monotony,
uniqueness, transitivity, invariance to change of origin and/or scale of units in which the
variables are defined, invariance to changes in general conditions, exhaustiveness, and
reference base (Nayak and Mishra 2012). We, therefore, aggregated the four indicators
using the DP2 method. Hereinafter, the GDI calculated using the Pena method is known as
GDIPenai :
Pena’s P2 distance is as follows:
GDIPenai ¼
X4
j¼1
dij
rj
 
1 R2j;j1;...1
 	 

; ð3Þ
where i = 1, 2, …, n are cases, that is, the 71 UUs; J are the constituent indicators (house
ownership, unemployment rate, low education level, and household overcrowding), where
j = 1, 2, …, 4; di;j is defined as di;j ¼ xi;j  xq;j
 ; where xi;j is the value assumed by any
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indicator j for any UU i; q is the reference case pertaining to mini ¼ xi;j
 
; and rj is the
standard deviation of variable j.
As Montero et al. (2010) and Mishra (2012) pointed out, quantity
di;j
rj
is merely a change
in origin and scale and one may also use zero as the reference q point and
maxi xij
  mini xij  , instead of rj, as a scaling factor without adversely affecting the
formula. The key factor, however, is in the weights ð1 R2j;j1;...1Þ. R2j;j1;...1, that are the
coefficient of determination of the regressions run on the j chosen. The number of
regression run is equal to the number of indicators or input variables used minus one (the j
chosen, which are included in the regression one by one. It should be noted that the first
variable obtains an absolute weight of unity ð1 R21Þ because it is regressed on itself. The
subsequent variable j = 2 has weight ð1 R22;1Þ, the third j = 3 is ð1 R23;2;1Þ, and in
general, the jth variable assumes ð1 R2j;j1;...1Þ. In synthesis, the chosen j is regressed on
other indicators included one by one. In this study, we conduct three regressions, where the
first has one has regressor and the third has three. The resulting R2j;j1;...1 for any j is used as
a sort of weight. In this way, the weight assigned to each indicator follows a precise rule
that aims to reduce the duplicity of information that often affects aggregation methods
(Montero et al. 2010; Somarriba and Pena 2009).
Note that the weights assigned to a variable depend on its position in the order,
making DP2-based composite synthetic indices indeterminate and arbitrary. To resolve
the aforesaid indeterminacy, Montero et al. (2010) suggested the following iterative
procedure:
1. Initialise the weight vector, wj ¼ 18j ¼ 1; 2; 3; 4, and define ɛ = 0.00001 for accuracy.
2. Define oi;j ¼ di;jrj 8j ¼ 1; 2; 3; 4 and i ¼ 1; 2; . . .; n:
3. Obtain DFi ¼
P4
j¼1
di;j
rj
 
wj
h i
; i ¼ 1; 2; . . .; n:
4. Compute the Karl Pearson correlation coefficient, r DF; oj
 
; between DF and oj
8j ¼ 1; 2; 3; 4:
5. Arrange r DF; oj
   in the descending order and accordingly, re-index the associated
variables, oj.
6. Compute Zi ¼
P4
j¼1
di;j
rj
 
wj
h i
; i ¼ 1; 2; . . .; n; wj 1 R2j;j1;...1
 
8j ¼ 1; 2; 3; 4; and
wj ¼ 1
7. If
Pn
i¼1ðDFi  ZiÞ e; replace DF with Z and return to Step 4; otherwise, stop.
In conclusion, the four input variables have been aggregated using three methods to test
the stability of the results.
2.2 Health Status
Health status can be evaluated as the prevalence of a particular disease, the mortality, the
self-assessed health status or quality of life. In this work Health status was evaluated using
premature mortality for all causes of death. The cut-off point to define a premature death
was set at 65 years old (Carstairs and Morris 1991; Benach and Yasui 1999; Exeter et al.
2011). Standardised mortality ratios (SMRs) computed for each UU by standardising sex
and age as the ratio between observed premature deaths (0–65 years) and expected ones,
that are, the hypothetical occurrence of a death in each area if the genoa death rates was
applied to each areas. The death records analysed refer to the 3 years following the census
year (e.g. for the 1991 census, the mortality rate is for 1992–1994) and are collected from
the Genoa Municipality Registry.
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2.3 Relationship Between Deprivation and Health
Deprivation and health are compared by conducting correlation analyses and creating
classes with a homogenous deprivation level. Each UU is ranked according to the scores of
the deprivation indexes.
The UU ranking offers a first-hand picture of the relative deprivation between areas.
The Pearson correlation index between GDI and SMR is used to determine the association
between socioeconomic conditions, as proxied by GDI, and health status. Then, by per-
forming classification cluster analyses using algorithm k-means (Hartigan and Wong
1979), the UUs are classified into six deprivation classes and SMRs are calculated for each
of them. The objective of conducting cluster analyses is to classify UUs on the basis of
their deprivation, thus creating homogenous deprivation classes with respect to GDI scores.
In addition, cluster analyses allow us to assign greater importance to the deprivation score,
rather than relative ranking position, as a criterion to split classes. In contrast with the use
of quintiles this approach allow the unit to distribute according only to the score, and they
are not forced to be classified in a specific class. In sum, this approach can highlight the
presence of extreme situations and help create more homogeneous deprivation classes that
indicate the distribution of ‘real’ small areas distribution on the basis of their deprivation
level.
2.4 Changes Over Time
Deprivation indexes are a relative measure of deprivation. They are context- and time-
specific scores. In addition, the scores calculated for one town are not directly comparable
with another town,. An index developed for urban areas will not be effective in identifying
the level of deprivation in rural areas (Barnett et al. 2001; Bertin et al. 2014; Gilthorpe and
Wilson 2003). Moreover, deprivation scores calculated for one census year are not directly
comparable with those estimated for another census year. This can be attributed to the
following reasons. First, social conditions and the relative importance of a particular
indicator may vary, and thus, it is necessary to include in the index only those variables
that can sufficiently capture deprivation during the study period. Second, geographical
areas taken as reference can vary over time because of administrative reasons or choice of
national statistical institutions. If the boundary of the areas taken as reference change, it is
difficult to precisely compare such changes in small areas (Exeter et al. 2005, 2011) or it is
necessary to use techniques developed to convert data between geographies (Gregory
2002; Norman 2010; Schroeder 2007). Finally, the score recorded at one census is relative
to the situation in that year. Thus, a ward may have the same score during successive
censuses but become more or less deprived over time in comparison with other wards.
Small areas are classified in ranking and then divided into different deprivation classes
using quintiles; however, the rankings are not comparable across years because area Xi’s
better position can be attributed to both an actual improvement in the area or the worsening
of another area. On the other hand, a ward may report consistent scores for successive
censuses, but this does not indicate the same deprivation level because the index calcu-
lation has different reference points.
In this study, we address these problems to evaluate the evolution of the relationship
between socioeconomic deprivation and health outcomes for 1991–2011. First, all four
indicators used to build the GDI index are included in the three censuses (1991, 2001, and
2011). Since the indicators have been validated in previous works during 1991 and 2001
S. Landi et al.
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and adopted in the most recent deprivation studies (Allik et al. 2016; Panczak et al. 2012),
they serve as good proxies for deprivation for the study period. As for geographic area, it is
important to choose a small area which is homogenous and has consistent stable bound-
aries over time.
The census section of about 250 individuals used in the Italian censuses can be treated
as a small area, but the definitions of its boundaries and the total number of sections change
almost every year, making it difficult to conduct a comparative study. There are other
census areas with boundaries subject to fewer changes over the years; however, they cover
a wide area and population, and, therefore cannot be considered as small area. On the other
hand, UUs have historically fixed boundaries and a population rate suitable to be identified
as a small area and can be used for time comparison.
Deprivation indexes are relative to a specific time point because of the manner in which
they are built. For example, using the additive method, the mean and standard deviation
used to normalise data refer to a specific year. In this study, we address the problems
associated with using period-specific deprivation scores by combining census data from
1991, 2001, and 2011 for each of the 71 UUs. We ‘stack’ the 71 UUs for each census year
and accordingly, calculate the index (Exeter et al. 2011; Norman 2010).
Formalising this approach, Eqs. (1) and (2) can be calculated using
lj ¼
Pn
i¼1 xi;j;t1 þ
Pn
i¼1 xi;j;t2 þ
Pn
i¼1 xi;j;t3
3n
;
rj ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃPn
i¼1ðxi;j;t1  ljÞþ
Pn
i¼1ðxi;j;t2  ljÞþ
Pn
i¼1ðxi;j;t3  ljÞ
3n
s
; ð4Þ
where i = 1, 2, …, n denote the 71 UUs; j = 1, 2, 3, 4 are the deprivation indicators; and
t = 1991, 2001, 2011 are the three census years.
Equation (3) uses the standard deviation rj (Eq. 4) and distance di;j ¼ xi;j  xq;j
 , where
q is the reference case pertaining to mini ¼ ðxi;jÞt
 
.
In general,
lj ¼
Pk
t¼1
Pn
i¼1 xi;j;t
kn
rj ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃPk
t¼1
Pn
i¼1ðxi;j;t  ljÞ
kn
s
;
mini ¼ ðxi;jÞt
 
;
where i = 1, 2, …, n denote the number of small areas; j = 1, …, m are the variables used
in the indicator; and t = 1, …, k are the number of censuses used.
3 Results
3.1 Deprivation: Genoa Deprivation Index
First, we computed the results for the three methods—additive, MPI and DP2 (see
Appendix 2). We then arranged the scores and accordingly, determined the rankings and
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successively the number of class for each UU are reported in the last columns (see
Appendix). To verify the stability of the index, we used Spearman’s rank correlation
coefficient to compare the distribution of ranks for the proposed indexes. We found that the
stability of the results obtained using the different methods is satisfactory. When con-
ducting a comparison for the years analysed in this study, Spearman’s coefficient approach
unity (0.96–0.99) (Table 2). The choice of aggregation method does not significantly affect
the areas’ rank. This result is of importance because it shows that the ranking obtained for
the index on the basis of the chosen variables is somewhat meaningful. Moreover, a similar
output was obtained using both a compensatory methodology (DP2) and non-compen-
satory construction (MPI). Thus, we can conclude that the selected variables offer a good
foundation to describe the phenomena under scrutiny since the ranking is not negatively
influenced by the compensation among dimensions.
We first compare data for 1991–2011 on the basis of the rankings, which should elu-
cidate the relative changes in UUs’ deprivation levels. According to Spearman coefficients,
the rankings do not drastically change, although internal mobility appears to exist in the
case city (Table 3). In particular, the period from 2001 to 2011 depicts a greater ranking
change. This means that major changes (lower Spearman rho) are mainly influenced by
sociological and economic phenomena, such as population aging, de-industrialisation, and
urban requalification, which may have occurred in the recent past. Thus, this tool can be
used to gain a deeper understanding of which areas in the city have improved or worsened
on the basis of their deprivation levels compared to other UUs (see Appendix 3).
Although these results are useful, they refer to a relative concept. The comparison is
limited to, for example, ‘the UU has improved with respect others’, and thus, we cannot
determine whether an area has actually improved in its deprivation status. Nevertheless, the
scores obtained using the stacking method gives us a broad understanding of how depri-
vation has globally evolved over time. Next, we present the results for GDIPenai because the
other two indicators offer similar results.
Figure 1 shows that Genoa’s deprivation level decreased during the study period. We
conducted a Friedman test (1937), which is generally used for a one-way repeated mea-
sures analysis of variance by ranks, to confirm the statistical significance of the decline in
the UUs’ deprivation scores (Appendix 4). The variability or dispersion and the max–min
difference for each year suggest the narrowing of deprivation disparities among UUs
(Table 4).
Figure 2 is a Kiviat graph of the four variables and shows that the improvement paths
are not equal for each indicator. All, except house ownership, report improvements. The
highest rate of households living in rented homes was recorded in 2011.
Table 2 Comparison of rankings between methods (Spearman coefficients)
1991 2001 2011
Additive MPI D2P Additive MPI D2P Additive MPI D2P
Additive 1 0.995 0.993 1 0.997 0.986 1 0.988 0.988
MPI 1 0.984 1 0.989 1 0.969
D2P 1 1 1
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Table 3 UUs mobility rankings
mobility over years (Spearman
coefficients)
First period
1991–2001
Second period
2001–2011
Overall period
1991–2011
GDIi
Additive 0.96 0.92 0.91
GDIi
Mazziotta–Pareto 0.97 0.91 0.89
GDIi
Pena 0.95 0.91 0.92
0
1
2
3
4
5
6
7
8
1991 2001 2011
GD
I s
co
re
s
Fig. 1 Average GDIi
Pena scores per year
Table 4 Global GDIPenai descriptive statistics
Year No. Mean Standard deviation Min Max Diff max–min
1991 71 6.8147 2.17262 3.27 16.02 12.74
2001 71 4.1417 1.68398 1.37 11.53 10.16
2011 71 3.3619 1.30200 1.12 8.74 7.62
0
0.5
1
1.5
2
House ownership
Overcrowding
Unemployment 
Low educaon
2011 2001 1991Fig. 2 GDIi
Pena indicators for
1991–2011
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Overall, the deprivation level in Genoa reduced across all census years; however, it is
noteworthy that not all UUs reported the same degree of improvement. While some UUs
showed higher than average improvement, others demonstrated lower levels. For 2001 and
2011, the deprivation level increased for seven UUs (Appendix 5).
Using algorithm k-means, every UU is assigned to a deprivation class for each census
year. The UUs are classified on the basis of their GDI scores, rendering it possible to not
have a uniform distribution across classes. Thus, we conducted cluster analyses because
they are more flexible than the often-used quintiles approach and highlight the presence of
extreme situations. Figures 3, 4 and 5 show us that the UUs are almost equally distributed
across classes in 1991 and 2001. In 2011, however, the UUs are more condensate in the
second and third deprivation classes. This can be attributed to the lower level of depri-
vation and dispersion of GDIs score. The class clustering reveals that UU no. 3 (Ca` Nuova)
has the highest deprivation level and is the only UU to be classified under the sixth class.
This underline a really high deprived area.
3.2 Health Status
Table 5 presents data on Genoa’s health status, particularly the number of premature deaths
for the three periods. Globally, it appears that the number of premature deaths decreased
across the study period.
Table 6 presents the results for the correlation analysis conducted to verify the asso-
ciation between deprivation and health outcomes. Pearson’s q shows that a relationship
exists and endures over the years. It is particularly high in 2001, while is lower but
significant in 1991 and 2011.
Table 7 depicts the all-cause premature mortality SMRs for the three time periods on the
basis of the six deprivation classes. In particular, it shows that SMRs were the lowest in
areas classified as the least deprived during 1992–1994 (CI 95%; 0.78), 2002–2004 (CI
95%; 0.82), and 2012–2014 (CI 95%; 0.75).
Fig. 3 UUs categorised by deprivation class, 1991
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4 Discussion
Studies have shown that area-level deprivation not only serves as an individual-level proxy
when data are unavailable but also has its own impact (Hagedoorn et al. 2016; Spadea et al.
2010). Moreover, policy decisions regarding, for example, resources allocation and
healthcare organisations, are made on a larger scale than individual or census section
Fig. 4 UUs classified by deprivation class, 2001
Fig. 5 UUs divided by deprivation class, 2011
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levels. Therefore, a system that can compare deprivation indexes over time using census
data can be a useful and inexpensive instrument that supports decision makers.
A key contribution of this study to the extant literature is its formalisation of a
methodological path to compare deprivation and health outcomes across years. This
structured approach can be applied to several contexts. Moreover, different from other
indexes, the GDI comprises indicators that can describe both current deprivation level and
that during the lifespan considered (in this case, 1991–2011). The use of several aggre-
gation methods, both compensatory and non-compensatory, allows us to test the ability of
Table 5 Number of premature deaths in Genoa
Years
1992–1994 2002–2004 2012–2014
Death of those under 65 years 4495 3003 2381
Population aged under 65 years 534,938 454,124 426,666
Ratio/100,000 inhabitants 840.2 661.2 558.0
Table 6 Relationship between
GDIs and SMRs (Pearson’s ρ) GDIs SMR 1991 SMR 2001 SMR 2011
GDIi
Additive 0.37 0.58 0.47
GDIi
Mazziotta–Pareto 0.34 0.58 0.47
GDIi
Pena 0.4 0.62 0.48
Table 7 Deprivation classes and standard mortality ratio across years
Class number Definition SMR \ 65—1991
(CI 95%)
SMR \ 65—2001
(CI 95%)
SMR \ 65—2011
(CI 95%)
1 Most affluent 0.78
(0.71–0.85)
0.82
(0.74–0.90)
0.75
(0.67–0.84)
2 0.93
(0.86–0.99)
0.92
(0.86–0.98)
0.95
(0.88–1.01)
3 0.96
(0.91–1.01)
1.06
(0.99–1.14)
1.08
(0.98–1.12)
4 1.11
(1.05–1.17)
1.11
(1.03–1.20)
1.18
(1.06–1.32)
5 1.36
(1.23–1.49)
1.32
(1.12–1.55)
1.27
(1.15–1.65)
6 Most deprived 1.06
(0.81–1.56)
2.01
(1.62–2.5)
1.73
(1.31–2.40)
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the indicators to monitor deprivation. Further, consistent geographic zones enable us to
calculate a deprivation index by combining censuses data for 1991, 2001, and 2011 and
explore changes in the mortality or deprivation gradient by conducting standard geo-
graphical comparisons.
We derived the following findings from the present case study of the city of Genoa.
First, we were able to determine how deprivation levels in certain areas have changed
relative to others on the basis of rankings. More specifically, we identified areas which
have widely improved or worsened in their position and examined the mobility of areas to
establish the reasons underpinning such changes. In Genoa, for example, UUs Maddalena
and Porto improved in ranking possibly because of the strong re-qualification of the area
near the old port. In addition, Oregina showed improvement probably owing to the des-
ignation of buildings to host a university department. Second, we showed how city-wide
deprivation has changed during the study period for the entire city and each area. This gave
us further insight into how each deprivation indicator changed over time and their ten-
dential contribution to decreasing deprivation. Since 1991, the overall deprivation in
Genoa has decreased and each indicator has improved, except for house ownership, which
worsened in 2011 compared to 2001. This clearly suggests that the improvement path
differs by UU. To this effect, it would be useful to highlight UUs that have shown
significant improvement and to understand the factors leading the improvement.
Third, the clustering of UUs into deprivation classes helped create homogeneous areas
of deprivation comparable with their respective health outcomes, in this case, premature
mortality or SMRs. Moreover, using a flexible method, it is possible to explore how areas
move from one class to another and underscore the potential presence of area with extreme
deprivation. In Genoa, we found one UU where deprivation was the highest and persistent
over years and a defined area comprising UUs with persistently least deprivation levels.
Further, we were able to observe class changes for other areas, which were generally
improving trends. There is evidence that fewer UUs were grouped in the last three
deprivation classes in 2011 compared to 1991. On the other hand, a higher number of UUs
were classified under the second and third deprivation class. This denotes the general
improvement and in particular, lowering dispersion in deprivation scores. Finally, we were
able to explore how the relationship between deprivation and health outcomes changes
over time. In Genoa, people who live in deprived areas had higher SMRs, which is in line
with the findings in the literature. However, in 2011, fewer UUs were classified as deprived
areas, with a lower rate of population at a higher risk compared to the previous census
years (Appendix 6).
This study is not free from limitations. First, UUs do not have the same number of
inhabitants: few UUs reported a population of about 1000–2000 individuals, whereas few
others recorded about 10,000. Second, the GDI is built to cover deprivation in an urban
area and thus, is sensitive to urban–rural differences (Barnett et al. 2001; Bertin et al. 2014;
Gilthorpe and Wilson 2003). While the proposed approach can be replicated in an urban
context, the indicators used may be not able to describe deprivation in rural areas. For
example, housing tenure has been indicated as a biased measure of deprivation in the rural
context (O’Reilly et al. 2007). However, some studies have shown that it is possible to test
the ability of a small area deprivation index to describe deprivation even in rural areas
(Bertin et al. 2014), which we leave for future works.
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5 Conclusions
While deprivation inequalities continue to exist in Genoa, at a global level, these
inequalities are gradually reducing. More specifically, the rate of premature mortality has
shown an improvement over the years. In addition, the number of areas classified as and
population living in deprived areas is declining. However, despite this, our case study
confirms the existing finding that socioeconomic conditions significantly affect health
status. In fact, GDI is associated with SMRs for premature deaths, with a positive Pearson
q value for every year and people living in deprived area reporting consistently higher
SMRs. Thus, we recommend that future works analyse the relationship between material
deprivation and specific causes of death over time to enhance the understanding of how
deprivation can affect health outcomes. It would also be interesting to couple GDI with a
social deprivation index to conduct a long-term comparison of changes in the two
dimensions. Further, researchers could examine changes in deprivation and health
inequalities to identify factors contributing to improvements in an area (i.e. urban re-
qualification, access to healthcare, and new bus lines or shops). To do so, a wider sample of
cities or areas should be compared to establish benchmarks for interventions aimed at
lowering deprivation levels. This would make it possible to explicitly account for the
impact of public choices on cost–benefit analysis models.
This study serves as a first step to understanding why certain city areas report higher
improvement levels than others. This will be useful in understanding the key factors
influencing improvements in an area’s status. The use of a structured method to assess
deprivation and health outcomes over time can help decision makers evaluate policy
impact (health and social policies) and efficiently allocate resources. Finally, we hope that
the evidence provided in this study encourages researchers to conduct an in-depth inves-
tigation of factors determining area deprivation and health changes in the long run.
Appendix 1
See Table 8.
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Appendix 2
See Tables 9, 10, 11, 12, 13, 14, 15, 16 and 17.
Table 9 GDIs 2011—DP2 method
ID Uus GDIs score Ranking Deprivation class
65 Puggia 1.12 1 1
39 S. Vincenzo 1.17 2 1
41 Foce 1.29 3 1
40 Carignano 1.30 4 1
38 Manin 1.30 5 1
37 Castelletto 1.37 6 1
62 Albaro 1.53 7 1
63 San Giuliano 1.57 8 1
64 Lido 1.61 9 1
42 Brignole 1.69 10 1
36 San Nicola 1.77 11 1
68 Quartara 1.97 12 1
70 Quinto 2.08 13 1
66 Sturla 2.25 14 2
7 Pegli 2.28 15 2
61 San Martino 2.59 16 2
27 Belvedere 2.61 17 2
32 Oregina 2.68 18 2
69 Castagna 2.70 19 2
71 Nervi 2.86 20 2
8 Multedo 2.87 21 2
60 Chiappeto 2.88 22 2
43 S. Agata 2.90 23 2
67 Quarto 2.98 24 2
28 S. Bartolomeo 3.01 25 2
48 Forte Quezzi 3.07 26 2
10 S. G. Battista 3.07 27 2
25 San Gaetano 3.09 28 2
31 Lagaccio 3.10 29 2
9 Sestri 3.12 30 2
30 San Teodoro 3.13 31 2
56 Bavari 3.20 32 2
11 Calcinara 3.22 33 2
59 Borgoratti 3.31 34 2
44 S. Fruttuoso 3.32 35 2
46 Fereggiano 3.39 36 3
1 Crevari 3.41 37 3
47 Marassi 3.41 38 3
6 Castelluccio 3.42 39 3
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Table 9 continued
ID Uus GDIs score Ranking Deprivation class
50 San Pantaleo 3.55 40 3
51 Montesignano 3.60 41 3
15 Rivarolo 3.65 42 3
26 Sampierdarena 3.67 43 3
58 Apparizione 3.71 44 3
12 Borzoli Ovest 3.72 45 3
55 Prato 3.73 46 3
13 Borzoli Est 3.75 47 3
21 Pontedecimo 3.76 48 3
29 Angeli 3.77 49 3
2 Voltri 3.78 50 3
34 Maddalena 3.92 51 3
49 Parenzo 3.97 52 3
4 Palmaro 4.08 53 3
57 S. Desiderio 4.08 54 3
45 Quezzi 4.09 55 3
24 Campasso 4.12 56 3
54 Doria 4.18 57 3
14 Certosa 4.20 58 3
35 Molo 4.21 59 3
53 Molassana 4.22 60 3
22 Cornigliano 4.44 61 4
19 Morego 4.52 62 4
23 Campi 4.63 63 4
20 S. Quirico 4.69 64 4
16 Teglia 4.70 65 4
5 Pra’ 5.07 66 4
52 S. Eusebio 5.21 67 4
33 Pre` 5.43 68 5
17 Begato 5.72 69 5
18 Bolzaneto 6.10 70 5
3 Ca’ Nuova 8.74 71 6
Table 10 GDIs 2001—DP2 method
ID Uus GDIs score Ranking Deprivation class
64 Lido 1.37 1 1
38 Manin 1.38 2 1
65 Puggia 1.39 3 1
37 Castelletto 1.40 4 1
62 Albaro 1.42 5 1
39 S. Vincenzo 1.53 6 1
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Table 10 continued
ID Uus GDIs score Ranking Deprivation class
63 San Giuliano 1.61 7 1
41 Foce 1.89 8 1
40 Carignano 1.89 9 1
68 Quartara 2.18 10 1
36 San Nicola 2.19 11 1
42 Brignole 2.26 12 1
70 Quinto 2.46 13 1
66 Sturla 2.82 14 2
67 Quarto 2.89 15 2
61 San Martino 2.94 16 2
7 Pegli 2.98 17 2
56 Bavari 3.14 18 2
8 Multedo 3.25 19 2
69 Castagna 3.26 20 2
71 Nervi 3.39 21 2
27 Belvedere 3.39 22 2
30 San Teodoro 3.41 23 2
1 Crevari 3.53 24 2
58 Apparizione 3.53 25 2
9 Sestri 3.61 26 2
25 San Gaetano 3.76 27 2
47 Marassi 3.77 28 2
43 S. Agata 3.83 29 2
26 Sampierdarena 3.83 30 2
28 S. Bartolomeo 3.88 31 2
48 Forte Quezzi 3.96 32 2
31 Lagaccio 3.96 33 2
60 Chiappeto 3.97 34 2
32 Oregina 4.01 35 2
44 S. Fruttuoso 4.04 36 2
15 Rivarolo 4.60 37 3
23 Campi 4.62 38 3
19 Morego 4.64 39 3
4 Palmaro 4.65 40 3
11 Calcinara 4.65 41 3
34 Maddalena 4.66 42 3
50 San Pantaleo 4.73 43 3
46 Fereggiano 4.74 44 3
12 Borzoli Ovest 4.75 45 3
6 Castelluccio 4.75 46 3
55 Prato 4.80 47 3
14 Certosa 4.86 48 3
59 Borgoratti 4.86 49 3
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Table 10 continued
ID Uus GDIs score Ranking Deprivation class
57 S. Desiderio 4.89 50 3
21 Pontedecimo 4.90 51 3
10 S. G. Battista 4.94 52 3
45 Quezzi 4.98 53 3
29 Angeli 4.99 54 3
35 Molo 5.07 55 3
24 Campasso 5.22 56 4
49 Parenzo 5.25 57 4
2 Voltri 5.27 58 4
13 Borzoli Est 5.31 59 4
53 Molassana 5.43 60 4
54 Doria 5.53 61 4
51 Montesignano 5.53 62 4
22 Cornigliano 5.61 63 4
33 Pre` 5.66 64 4
20 S. Quirico 5.72 65 4
16 Teglia 5.91 66 4
5 Pra’ 5.99 67 4
52 S. Eusebio 6.83 68 5
18 Bolzaneto 7.03 69 5
17 Begato 7.07 70 5
3 Ca’ Nuova 11.53 71 6
Table 11 GDIs 1991—DP2 method
ID Uus GDIs score Ranking Deprivation class
39 S. Vincenzo 3.27 1 1
64 Lido 3.30 2 1
62 Albaro 3.33 3 1
65 Puggia 3.41 4 1
38 Manin 3.49 5 1
40 Carignano 3.50 6 1
63 San Giuliano 3.65 7 1
41 Foce 3.75 8 1
37 Castelletto 3.75 9 1
68 Quartara 3.99 10 1
36 San Nicola 4.23 11 1
70 Quinto 4.80 12 2
42 Brignole 4.83 13 2
69 Castagna 4.83 14 2
67 Quarto 4.98 15 2
66 Sturla 5.23 16 2
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Table 11 continued
ID Uus GDIs score Ranking Deprivation class
7 Pegli 5.23 17 2
71 Nervi 5.25 18 2
61 San Martino 5.41 19 2
8 Multedo 5.62 20 2
56 Bavari 5.75 21 2
27 Belvedere 5.91 22 2
43 S. Agata 6.07 23 2
58 Apparizione 6.09 24 2
60 Chiappeto 6.18 25 3
9 Sestri 6.27 26 3
28 S. Bartolomeo 6.27 27 3
44 S. Fruttuoso 6.37 28 3
1 Crevari 6.50 29 3
30 San Teodoro 6.50 30 3
47 Marassi 6.56 31 3
25 San Gaetano 6.59 32 3
26 Sampierdarena 6.69 33 3
48 Forte Quezzi 6.81 34 3
12 Borzoli Ovest 6.84 35 3
11 Calcinara 6.87 36 3
21 Pontedecimo 6.89 37 3
46 Fereggiano 7.00 38 3
15 Rivarolo 7.05 39 3
6 Castelluccio 7.13 40 3
14 Certosa 7.13 41 3
10 S. G. Battista 7.24 42 3
50 San Pantaleo 7.44 43 3
4 Palmaro 7.46 44 3
55 Prato 7.48 45 3
19 Morego 7.49 46 3
32 Oregina 7.50 47 3
2 Voltri 7.78 48 4
31 Lagaccio 7.79 49 4
13 Borzoli Est 7.79 50 4
29 Angeli 7.82 51 4
24 Campasso 7.83 52 4
57 S. Desiderio 7.87 53 4
59 Borgoratti 7.89 54 4
53 Molassana 8.14 55 4
49 Parenzo 8.18 56 4
45 Quezzi 8.25 57 4
5 Pra’ 8.28 58 4
54 Doria 8.46 59 4
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Table 11 continued
ID Uus GDIs score Ranking Deprivation class
23 Campi 8.50 60 4
16 Teglia 8.65 61 4
22 Cornigliano 8.87 62 4
51 Montesignano 8.92 63 4
34 Maddalena 9.05 64 4
18 Bolzaneto 9.31 65 5
20 S. Quirico 9.64 66 5
33 Pre` 9.90 67 5
35 Molo 9.97 68 5
17 Begato 10.46 69 5
52 S. Eusebio 10.51 70 5
3 Ca’ Nuova 16.02 71 6
Table 12 GDIs 2011—additive method
ID Uus GDIs score Ranking Deprivation class
39 S. Vincenzo −5.75 1 1
65 Puggia −5.71 2 1
40 Carignano −5.55 3 1
38 Manin −5.54 4 1
41 Foce −5.50 5 1
37 Castelletto −5.49 6 1
63 San Giuliano −5.07 7 1
62 Albaro −5.05 8 1
64 Lido −5.01 9 1
42 Brignole −4.92 10 1
36 San Nicola −4.68 11 1
68 Quartara −4.20 12 1
70 Quinto −3.87 13 1
66 Sturla −3.87 14 1
7 Pegli −3.64 15 2
61 San Martino −3.20 16 2
43 S. Agata −3.00 17 2
27 Belvedere −2.98 18 2
32 Oregina −2.94 19 2
71 Nervi −2.89 20 2
69 Castagna −2.88 21 2
60 Chiappeto −2.66 22 2
31 Lagaccio −2.61 23 2
67 Quarto −2.57 24 2
8 Multedo −2.54 25 2
9 Sestri −2.39 26 2
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Table 12 continued
ID Uus GDIs score Ranking Deprivation class
25 San Gaetano −2.37 27 2
28 S. Bartolomeo −2.35 28 2
48 Forte Quezzi −2.33 29 2
30 San Teodoro −2.31 30 2
10 S. G. Battista −2.22 31 2
56 Bavari −2.13 32 2
44 S. Fruttuoso −2.04 33 2
11 Calcinara −2.03 34 2
6 Castelluccio −1.98 35 2
47 Marassi −1.95 36 2
59 Borgoratti −1.90 37 2
34 Maddalena −1.84 38 3
46 Fereggiano −1.77 39 3
51 Montesignano −1.68 40 3
50 San Pantaleo −1.60 41 3
26 Sampierdarena −1.55 42 3
1 Crevari −1.54 43 3
58 Apparizione −1.47 44 3
21 Pontedecimo −1.39 45 3
29 Angeli −1.35 46 3
2 Voltri −1.32 47 3
15 Rivarolo −1.30 48 3
13 Borzoli Est −1.27 49 3
12 Borzoli Ovest −1.20 50 3
35 Molo −1.20 51 3
55 Prato −1.15 52 3
49 Parenzo −0.95 53 3
57 S. Desiderio −0.75 54 3
24 Campasso −0.65 55 3
53 Molassana −0.60 56 3
45 Quezzi −0.52 57 3
14 Certosa −0.52 58 3
4 Palmaro −0.47 59 3
54 Doria −0.45 60 3
22 Cornigliano −0.25 61 4
19 Morego 0.12 62 4
20 S. Quirico 0.26 63 4
23 Campi 0.38 64 4
16 Teglia 0.40 65 4
5 Pra’ 0.54 66 4
33 Pre` 0.56 67 4
52 S. Eusebio 0.90 68 5
17 Begato 1.73 69 5
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Table 12 continued
ID Uus GDIs score Ranking Deprivation class
18 Bolzaneto 1.95 70 5
3 Ca’ Nuova 5.29 71 6
Table 13 GDIs 2001—additive method
ID Uus GDIs score Ranking Deprivation class
37 Castelletto −5.41 1 1
38 Manin −5.40 2 1
62 Albaro −5.33 3 1
65 Puggia −5.31 4 1
64 Lido −5.27 5 1
39 S. Vincenzo −5.16 6 1
63 San Giuliano −4.98 7 1
40 Carignano −4.77 8 1
41 Foce −4.49 9 1
42 Brignole −4.10 10 1
36 San Nicola −3.99 11 1
68 Quartara −3.95 12 1
70 Quinto −3.24 13 1
66 Sturla −2.77 14 2
67 Quarto −2.74 15 2
61 San Martino −2.64 16 2
7 Pegli −2.47 17 2
71 Nervi −2.09 18 2
69 Castagna −2.04 19 2
8 Multedo −1.79 20 2
27 Belvedere −1.73 21 2
56 Bavari −1.69 22 2
30 San Teodoro −1.68 23 2
9 Sestri −1.52 24 2
43 S. Agata −1.47 25 2
26 Sampierdarena −1.46 26 2
25 San Gaetano −1.42 27 2
58 Apparizione −1.39 28 2
1 Crevari −1.37 29 2
47 Marassi −1.32 30 2
28 S. Bartolomeo −1.08 31 2
31 Lagaccio −1.02 32 2
60 Chiappeto −0.96 33 2
44 S. Fruttuoso −0.93 34 2
48 Forte Quezzi −0.81 35 2
34 Maddalena −0.71 36 2
32 Oregina −0.69 37 2
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Table 13 continued
ID Uus GDIs score Ranking Deprivation class
6 Castelluccio −0.01 38 3
15 Rivarolo 0.10 39 3
46 Fereggiano 0.14 40 3
11 Calcinara 0.15 41 3
35 Molo 0.17 42 3
19 Morego 0.20 43 3
50 San Pantaleo 0.29 44 3
12 Borzoli Ovest 0.31 45 3
14 Certosa 0.31 46 3
4 Palmaro 0.40 47 3
10 S. G. Battista 0.44 48 3
23 Campi 0.44 49 3
55 Prato 0.45 50 3
21 Pontedecimo 0.49 51 3
29 Angeli 0.53 52 3
59 Borgoratti 0.60 53 3
57 S. Desiderio 0.70 54 3
33 Pre` 0.81 55 3
45 Quezzi 0.87 56 3
24 Campasso 0.89 57 3
49 Parenzo 1.03 58 4
2 Voltri 1.04 59 4
13 Borzoli Est 1.25 60 4
22 Cornigliano 1.42 61 4
54 Doria 1.56 62 4
53 Molassana 1.57 63 4
20 S. Quirico 1.66 64 4
51 Montesignano 1.73 65 4
16 Teglia 1.91 66 4
5 Pra’ 1.97 67 4
18 Bolzaneto 3.26 68 5
52 S. Eusebio 3.53 69 5
17 Begato 3.81 70 5
3 Ca’ Nuova 9.64 71 6
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Table 14 GDIs 1991—additive method
ID Uus GDIs score Ranking Deprivation class
39 S. Vincenzo −2.75 1 1
64 Lido −2.62 2 1
62 Albaro −2.55 3 1
38 Manin −2.55 4 1
65 Puggia −2.49 5 1
40 Carignano −2.44 6 1
37 Castelletto −2.12 7 1
63 San Giuliano −2.08 8 1
41 Foce −1.91 9 1
68 Quartara −1.39 10 1
36 San Nicola −1.11 11 1
42 Brignole −0.45 12 2
70 Quinto −0.01 13 2
69 Castagna 0.15 14 2
67 Quarto 0.15 15 2
7 Pegli 0.54 16 2
66 Sturla 0.56 17 2
71 Nervi 0.61 18 2
61 San Martino 0.78 19 2
8 Multedo 1.38 20 2
43 S. Agata 1.59 21 2
27 Belvedere 1.75 22 2
56 Bavari 1.76 23 2
9 Sestri 1.95 24 3
58 Apparizione 1.98 25 3
60 Chiappeto 2.18 26 3
28 S. Bartolomeo 2.22 27 3
26 Sampierdarena 2.26 28 3
44 S. Fruttuoso 2.37 29 3
30 San Teodoro 2.39 30 3
25 San Gaetano 2.40 31 3
1 Crevari 2.41 32 3
47 Marassi 2.46 33 3
48 Forte Quezzi 2.97 34 3
6 Castelluccio 3.11 35 3
11 Calcinara 3.26 36 3
21 Pontedecimo 3.29 37 3
46 Fereggiano 3.34 38 3
15 Rivarolo 3.35 39 3
14 Certosa 3.40 40 3
12 Borzoli Ovest 3.40 41 3
10 S. G. Battista 3.67 42 3
32 Oregina 3.93 43 3
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Table 14 continued
ID Uus GDIs score Ranking Deprivation class
19 Morego 3.97 44 3
31 Lagaccio 3.99 45 3
50 San Pantaleo 4.00 46 3
55 Prato 4.04 47 3
4 Palmaro 4.08 48 3
29 Angeli 4.25 49 4
24 Campasso 4.32 50 4
2 Voltri 4.49 51 4
57 S. Desiderio 4.51 52 4
13 Borzoli Est 4.65 53 4
59 Borgoratti 4.69 54 4
34 Maddalena 4.95 55 4
49 Parenzo 5.00 56 4
5 Pra’ 5.07 57 4
23 Campi 5.14 58 4
45 Quezzi 5.23 59 4
53 Molassana 5.34 60 4
16 Teglia 5.50 61 4
22 Cornigliano 5.60 62 4
54 Doria 5.62 63 4
33 Pre` 5.74 64 4
35 Molo 6.20 65 5
51 Montesignano 6.21 66 5
18 Bolzaneto 6.33 67 5
20 S. Quirico 6.70 68 5
52 S. Eusebio 8.15 69 5
17 Begato 8.20 70 5
3 Ca’ Nuova 15.26 71 6
Table 15 GDIs 2011—MPI
ID Uus GDIs score Ranking Deprivation class
39 S. Vincenzo 84.51 1 1
65 Puggia 84.86 2 1
40 Carignano 85.08 3 1
38 Manin 85.11 4 1
41 Foce 85.60 5 1
37 Castelletto 85.60 6 1
64 Lido 86.38 7 1
63 San Giuliano 86.38 8 1
62 Albaro 86.67 9 1
42 Brignole 87.14 10 1
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Table 15 continued
ID Uus GDIs score Ranking Deprivation class
36 San Nicola 87.98 11 1
68 Quartara 89.13 12 1
66 Sturla 89.94 13 1
70 Quinto 90.14 14 1
7 Pegli 90.80 15 1
61 San Martino 91.82 16 2
43 S. Agata 92.08 17 2
71 Nervi 92.28 18 2
27 Belvedere 92.43 19 2
69 Castagna 92.48 20 2
32 Oregina 92.55 21 2
34 Maddalena 93.05 22 2
67 Quarto 93.28 23 2
60 Chiappeto 93.34 24 2
31 Lagaccio 93.42 25 2
8 Multedo 93.54 26 2
9 Sestri 94.00 27 2
25 San Gaetano 94.03 28 2
28 S. Bartolomeo 94.05 29 2
48 Forte Quezzi 94.15 30 2
30 San Teodoro 94.20 31 2
10 S. G. Battista 94.35 32 2
56 Bavari 94.43 33 2
6 Castelluccio 94.73 34 2
11 Calcinara 94.79 35 2
47 Marassi 94.83 36 2
44 S. Fruttuoso 94.83 37 2
35 Molo 94.98 38 2
59 Borgoratti 95.12 39 2
46 Fereggiano 95.50 40 3
51 Montesignano 95.58 41 3
1 Crevari 95.89 42 3
50 San Pantaleo 95.94 43 3
26 Sampierdarena 96.01 44 3
58 Apparizione 96.18 45 3
21 Pontedecimo 96.34 46 3
13 Borzoli Est 96.37 47 3
2 Voltri 96.49 48 3
29 Angeli 96.60 49 3
15 Rivarolo 96.61 50 3
12 Borzoli Ovest 96.85 51 3
55 Prato 96.95 52 3
49 Parenzo 97.55 53 3
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Table 15 continued
ID Uus GDIs score Ranking Deprivation class
57 S. Desiderio 97.96 54 3
33 Pre` 98.12 55 3
53 Molassana 98.22 56 3
24 Campasso 98.28 57 3
4 Palmaro 98.35 58 3
45 Quezzi 98.47 59 3
14 Certosa 98.56 60 3
54 Doria 98.68 61 3
22 Cornigliano 99.30 62 4
19 Morego 100.03 63 4
20 S. Quirico 100.28 64 4
23 Campi 100.63 65 4
16 Teglia 100.73 66 4
5 Pra’ 101.04 67 4
52 S. Eusebio 102.03 68 5
17 Begato 103.99 69 5
18 Bolzaneto 104.14 70 5
3 Ca’ Nuova 110.02 71 6
Table 16 GDIs 2001—MPI
ID Uus GDIs score Ranking Deprivation class
38 Manin 86.19123 1 1
37 Castelletto 86.2132 2 1
65 Puggia 86.36225 3 1
62 Albaro 86.41831 4 1
64 Lido 86.52284 5 1
39 S. Vincenzo 86.61558 6 1
63 San Giuliano 87.3404 7 1
40 Carignano 87.70834 8 1
41 Foce 88.66877 9 1
42 Brignole 89.53541 10 1
36 San Nicola 89.941 11 1
68 Quartara 89.95276 12 1
70 Quinto 91.6009 13 1
66 Sturla 93.0535 14 2
67 Quarto 93.12995 15 2
61 San Martino 93.37166 16 2
7 Pegli 93.72695 17 2
69 Castagna 94.63964 18 2
71 Nervi 94.73069 19 2
56 Bavari 94.74704 20 2
8 Multedo 94.77851 21 2
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Table 16 continued
ID Uus GDIs score Ranking Deprivation class
27 Belvedere 95.46265 22 2
30 San Teodoro 95.51056 23 2
9 Sestri 95.84295 24 2
1 Crevari 96.03831 25 2
26 Sampierdarena 96.1332 26 2
25 San Gaetano 96.1547 27 2
58 Apparizione 96.23269 28 2
43 S. Agata 96.30877 29 2
47 Marassi 96.53391 30 2
28 S. Bartolomeo 96.78499 31 2
31 Lagaccio 96.89583 32 2
48 Forte Quezzi 97.30769 33 2
44 S. Fruttuoso 97.49133 34 2
32 Oregina 97.49884 35 2
60 Chiappeto 97.50735 36 2
34 Maddalena 97.576 37 2
11 Calcinara 99.56249 38 3
15 Rivarolo 99.71784 39 3
6 Castelluccio 99.91957 40 3
19 Morego 99.95935 41 3
46 Fereggiano 100.0165 42 3
23 Campi 100.1029 43 3
35 Molo 100.1656 44 3
12 Borzoli Ovest 100.238 45 3
14 Certosa 100.3478 46 3
4 Palmaro 100.3811 47 3
50 San Pantaleo 100.4494 48 3
55 Prato 100.6316 49 3
10 S. G. Battista 100.9279 50 3
21 Pontedecimo 101.0473 51 3
33 Pre` 101.1753 52 3
29 Angeli 101.2152 53 3
59 Borgoratti 101.2237 54 3
57 S. Desiderio 101.2316 55 3
24 Campasso 101.5396 56 3
45 Quezzi 101.5638 57 3
49 Parenzo 102.2832 58 4
2 Voltri 102.472 59 4
13 Borzoli Est 102.6343 60 4
22 Cornigliano 103.1811 61 4
53 Molassana 103.5233 62 4
54 Doria 103.6095 63 4
51 Montesignano 103.7914 64 4
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Table 16 continued
ID Uus GDIs score Ranking Deprivation class
20 S. Quirico 103.9218 65 4
16 Teglia 104.4777 66 4
5 Pra’ 104.8665 67 4
18 Bolzaneto 108.1063 68 5
52 S. Eusebio 108.3102 69 5
17 Begato 109.2278 70 5
3 Ca’ Nuova 122.0673 71 6
Table 17 GDIs 1991—MPI
ID Uus GDIs score Ranking Deprivation class
39 S. Vincenzo 92.0173 1 1
38 Manin 93.02349 2 1
64 Lido 93.1063 3 1
62 Albaro 93.32812 4 1
40 Carignano 93.33491 5 1
65 Puggia 93.33621 6 1
37 Castelletto 94.21924 7 1
63 San Giuliano 94.45491 8 1
41 Foce 94.93614 9 1
68 Quartara 96.34799 10 1
36 San Nicola 97.08989 11 1
42 Brignole 98.39882 12 1
70 Quinto 99.90015 13 2
69 Castagna 100.0086 14 2
67 Quarto 100.3483 15 2
7 Pegli 101.3315 16 2
66 Sturla 101.3754 17 2
71 Nervi 101.4963 18 2
61 San Martino 101.8796 19 2
8 Multedo 103.1562 20 2
56 Bavari 103.7485 21 2
43 S. Agata 103.8034 22 2
27 Belvedere 104.2386 23 2
9 Sestri 104.526 24 2
58 Apparizione 104.7956 25 2
28 S. Bartolomeo 105.1542 26 3
26 Sampierdarena 105.155 27 3
60 Chiappeto 105.3822 28 3
1 Crevari 105.6119 29 3
25 San Gaetano 105.7109 30 3
30 San Teodoro 105.7502 31 3
44 S. Fruttuoso 105.8422 32 3
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Table 17 continued
ID Uus GDIs score Ranking Deprivation class
47 Marassi 106.0394 33 3
48 Forte Quezzi 106.9164 34 3
6 Castelluccio 107.578 35 3
11 Calcinara 107.6036 36 3
15 Rivarolo 107.9659 37 3
21 Pontedecimo 108.0735 38 3
12 Borzoli Ovest 108.1386 39 3
46 Fereggiano 108.1772 40 3
14 Certosa 108.2866 41 3
10 S. G. Battista 109.0994 42 4
31 Lagaccio 109.3833 43 4
32 Oregina 109.6399 44 4
34 Maddalena 109.7363 45 4
19 Morego 109.7414 46 4
55 Prato 109.7726 47 4
4 Palmaro 109.9246 48 4
50 San Pantaleo 109.9463 49 4
24 Campasso 110.4548 50 4
29 Angeli 110.5199 51 4
57 S. Desiderio 110.9116 52 4
2 Voltri 111.2134 53 4
13 Borzoli Est 111.3567 54 4
33 Pre` 111.5919 55 4
59 Borgoratti 111.6173 56 4
23 Campi 112.3251 57 4
49 Parenzo 112.4493 58 4
5 Pra’ 112.6254 59 4
45 Quezzi 112.6341 60 4
53 Molassana 113.2119 61 5
16 Teglia 113.6045 62 5
35 Molo 113.7201 63 5
22 Cornigliano 113.7557 64 5
54 Doria 113.8398 65 5
51 Montesignano 115.3899 66 5
18 Bolzaneto 115.7156 67 5
20 S. Quirico 116.4714 68 5
52 S. Eusebio 120.046 69 5
17 Begato 120.2086 70 5
3 Ca’ Nuova 135.0561 71 6
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Appendix 3
See Fig. 6.
Appendix 4
See Table 18.
Fig. 6 UUs rankings. Differences in rank for each UUs from 1991 to 2011
Table 18 Test di Friedman
Test di Friedman
Number 71
Chi-quadrato 131,014
df 2
Sig. Asint. 0
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Appendix 5
See Figs. 7 and 8.
Fig. 7 GDIs scores improvement with respect to the global Genoa improvement for each UUs. 1991–2001
Fig. 8 GDIs scores improvement with respect to the global Genoa improvement for each UUs. 2001–2011
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Appendix 6
See Table 19.
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